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The exercise test can be utilized to identify a subset of
patients with coronary heart disease who are at increased
risk of subsequent cardiac mortality including sudden
cardiac death. The exercise test variables that best iden-
tify these high risk patients ditTer according to clinical
subsets, but exercise duration, ST segment depression
and ventricular arrhythmias on the electrocardiogram
are the most important variables. In the clinical setting,
The majority of reported studies on exercise testing for the
assessment of prognosis in patients with coronary artery
disease have concentrated on the occurrence of myocardial
infarction or cardiac mortality from all causes during follow-
up. Although very few studies have specifically addressed
the end point of sudden cardiac death , one can reasonably
assume that a significant proportion of cardiac deaths during
follow-up study were the result of sudden cardiac death.
This report reviews some of the pertinent studies dealing
with the role of exercise testing and exercise electrocardi-
ography in predicting the risk for subsequent cardiac death,
including sudden cardiac death in various subsets of patients
with ischemic heart disease.
Patients With Chronic, Stable Ischemic
Heart Disease
Duration of exercise, exercise heart rate and ST seg-
ment response. One of the earliest studies correlating
treadmill exercise test responses with subsequent mortality
from coronary heart disease was reported by McNeer et al.
(I ). They studied 574 patients who were followed up for 4
years without coronary artery surgery interventions . In this
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the exercise test is of limited value for identifying the
patient at risk for developing sudden cardiac death be-
cause its sensitivity and specificity are not high enough.
However, the exercise test does provide prognostic in-
formation that is independent of other clinical variables
and it may prove to be of clinical utility when combined
with multiple other prognostic variables.
(J Am Coli CardioI1985;5:9B-12B)
group the duration of exercise to limiting symptoms, the
ST segment response and the maximal exercise heart rate
all distinguished between patients with high and low survival
rates , even when comparable anatomic coronary artery dis-
ease was present. The duration of symptom-limited exercise
and the maximal exercise heart rate proved to be more
discriminating than the ST segment response . Survival in
patients with stage 4 or greater exercise tolerance (Bruce
protocol) or with a maximal heart rate of 160 beats/min or
greater was 99% at 12 months and 90% at 48 months. Only
59% of patients unable to complete stage I of the exercise
test survived 24 months and only 58% of patients with a
maximal heart rate of less than 120 beats/min survived 48
months . Survival of patients with an abnormal ST segment
response was 77% at 48 months . Patients who had an ab-
normal ST segment response to exercise and failed to com-
plete stage 2 of the exercise test had an 85% survival rate
at 12 months and a 63% survival rate at 48 months. Those
patients who demonstrated an abnormal ST segment re-
sponse during stage I or 2 of exercise also had more ad-
vanced coronary artery disease , 60% demonstrating severe
triple vessel disease including 24% with left main coronary
artery disease. Correlations with left ventricular function
were not provided in this study and no attempt was made
to separately analyze those patients who died suddenly.
Weiner et at. (2) confirmed the findings ofMcNeer et at.
in a group of patients entered into the Coronary Artery
Surgery Study (CASS) . Again, their study dealt with total
cardiac mortality during the follow-up period without spe-
cific reference to sudden cardiac death . They found that the
ST segment response and the final exercise stage were im-
portant determinants of survival independent of the clinical
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variables of cardiac enlargement and congestive heart fail-
ure. They demonstrated that the probability of survival at
5 years ranged from 72% for those patients exhibiting 1 mm
or greater ST segment depression who were unable to com-
plete stage 1 of the exercise test to 95% for patients with a
nonnal ST segment response and stage 3 or greater exercise
tolerance. Furthermore, when patients with triple vessel dis-
ease and relatively well preserved left ventricular function
were analyzed separately, the 4 year survival rate ranged
from 100% in patients able to achieve stage 5 of exercise
to 53% in patients unable to complete stage Y2 of a modified
Bruce protocol.
Exercise-induced ventricular arrhythmias. It is gen-
erally accepted that the majority of sudden cardiac deaths
are the result of catastrophic rhythm disturbances. The oc-
currence of ventricular arrhythmias during exercise testing
might be expected to identify a subset of patients who are
at increased risk for fatal cardiac events. However, many
studies have found a relatively weak correlation between
exercise-induced ventricular arrhythmias and subsequent
cardiac death. Part of the problem is that exercise-induced
ventricular arrhythmias are very common in healthy subjects
and patients without ischemic heart disease (3,4). The in-
cidence of such arrhythmias in these subjects increases with
age and higher exercise heart rates and it may exceed the
incidence observed in patients with advanced coronary ar-
tery disease in whom symptom-limited exercise heart rate
tends to be significantly lower (4).
Udall and Ellestad (5) reported that death due to cardiac
causes over a 5 year period occurred in 8% of patients with
exercise-induced ventricular arrhythmias and a normal ST
segment response, 1.4% of patients with no ventricular ar-
rhythmia and a normal ST segment response but in 22% of
patients with exercise-induced ventricular arrhythmias and
an abnormal ST segment response. However, their study
group included an unspecified number of patients with ven-
tricular premature complexes at rest, which may have sig-
nificantly influenced their findings. These investigators did
not make correlations with historical or clinical variables to
determine whether or not exercise-induced ventricular ar-
rhythmias provided independent prognostic information
concerning subsequent cardiac mortality. Bruce et al. (6)
found that the risk of cardiac death, including sudden death,
in ambulatory patients with clinical manifestations of coro-
nary artery disease was somewhat higher in patients with
complex ventricular arrhythmias during exercise testing.
However, this relation was very weak and again may have
been influenced by the inclusion in their study group of
patients with ventricular arrhythmias at rest.
Nair et al. (7) recently reported that in patients with
coronary artery disease, no previous myocardial infarction
and a normal rest electrocardiogram, the occurrence of ex-
ercise-induced ventricular arrhythmias was not predictive
of either cardiac death or myocardial infarction during a 4
year follow-up period. Califf et al. (8) reported survival data
for 620 patients with coronary artery disease followed up
for 3 years after treadmill exercise testing. Survival was
90% in patients with no exercise-induced ventricular ar-
rhythmias, 83% in those with only simple ventricular
arrhythmia and 75% in patients with complex ventricular
arrhythmias during exercise. Their analyses were repeated
using only sudden cardiac death as an end point and the
results were the same. The occurrence of exercise-induced
ventricular arrhythmias was found to add independent prog-
nostic information to the other exercise test variables re-
corded (exercise duration, maximal heart rate, ST depres-
sion); it also added independent prognostic information to
the noninvasive assessment that included the history, phys-
ical examination, chest roentgenogram, rest electrocardio-
gram and exercise test. Although statistically significant,
the overall prognostic contribution of exercise-induced ven-
tricular arrhythmias to the entire noninvasive patient as-
sessment was relatively weak; also, it contributed no sig-
nificant prognostic information to the cardiac catheterization
data combined with the noninvasive evaluation. The inves-
tigators concluded that the very close relation between ex-
ercise-induced ventricular arrhythmias and left ventricular
dysfunction indicates that the arrhythmias may serve as clin-
ical markers for left ventricular dysfunction. Furthermore,
the relation between exercise-induced ventricular arrhyth-
mias and cardiac mortality may have been primarily due to
the presence of impaired left ventricular function in their
patients.
Exercise Testing in Patients Early After
Myocardial Infarction
There is a general agreement that exercise testing within
2 to 6 weeks after acute myocardial infarction provides
important prognostic information relative to future cardiac
mortality including sudden death. However, there is some
disagreement as to which exercise test variables provide the
most prognostic information. The discrepancies among var-
ious reported studies are probably due in large part to dif-
ferences in the methods used for selecting patients for ex-
ercise testing after myocardial infarction.
Theroux et al. (9) performed limited exercise tests on
210 patients a mean of 11 days after acute myocardial in-
farction. They excluded all patients who had overt signs or
symptoms of congestive heart failure before testing. During
a 1 year follow-up period, only 1 (0.7%) of 146 patients
with a normal ST segment response to exercise died sud-
denly, compared with 10 (15.7%) of 64 patients with ab-
normal ST segment depression (Table 1). The risk for sud-
den death proved to be 22.4 times greater in patients with
an abnormal ST segment response. Ventricular arrhythmias
during exercise were also more prevalent in patients who
died suddenly (45%) than in survivors (18%). However, the
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testing; angina in 12, myocardial infarction in 25 and sudden
death in 7.
Table 2. Natural History for Initial Coronary Events in
Apparently Healthy Men With and Without Abnormal Exercise
ST Segment Responses
Exercise Testing in Patients With
Nonischemic Heart Disease
There have been very few studies correlating abnormal-
ities during exercise testing with subsequent cardiac events
in patients with nonischemic heart diseases. However, the
studies of James (15) and Garson (16) and their coworkers
dealing with patients who had undergone surgical repair of
tetralogy of Fallot are worthy of mention. These investi-
gators found that the occurrence of complex exercise-in-
duced ventricular arrhythmias in these patients was asso-
ciated with abnormal right ventricular hemodynamics and
a subsequent risk for sudden cardiac death. In many patients,
the development of abnormal right ventricular hemody-
namics was delayed, occurring several years after surgery,
indicating a need for serial exercise testing.
Summary
Exercise testing can be used to identify a subset of pa-
tients with coronary heart disease who are at increased risk
of subsequent cardiac death, including sudden death. How-
ever, the sensitivity and specificity of the test are generally
poor. The independent prognostic information gained from
exercise testing diminishes in patients who have other clin-
ical variables predictive of a high risk for subsequent cardiac
mortality. The prognostic information gained from exercise
testing of asymptomatic patients seems to be minimal, prob-
ably because the risk for subsequent cardiac mortality is
determined in large part by the severity of underlying coro-
nary artery disease and left ventricular dysfunction. In pa-
tients who have advanced coronary artery disease but rel-
atively well preserved myocardial function, the ST segment
response is the best predictor, probably because it reflects
myocardium at jeopardy. On the other hand, patients who
are at high risk because of advanced degrees of left ven-
tricular dysfunction are better characterized by poor exercise
tolerance and the occurrence of exercise-induced ventricular
arrhythmias.
2 (3.3%)
32 (3.9%)
(p = NS)
MI or Sudden
Death (no.)
Angina
(no.)
Events During Follow-Up
18 (29.5%)
12 ( 1.4%)
(p < 0.001)
Abnormal 61
Normal 833
Total
Exercise ST Response (no.)
MI = myocardial infarction.
Table 1. Exercise Test Results in Patients With Acute
Myocardial Infarction Before Hospital Discharge:
I Year Follow-Up*
risk for sudden death was only 2.9 times greater in patients
with exercise-induced ventricular arrhythmias (Table 1). Sami
(10) and DeBusk (11) and their coworkers also reported that
ST depression during exercise testing 3 weeks after myo-
cardial infarction was more predictive of cardiac death, in-
cluding sudden death, than were exercise-induced ventric-
ular arrhythmias, although their risk ratios were considerably
lower than those reported by Theroux et al. (9). Again,
these investigators excluded patients with overt congestive
heart failure.
Weld et al. (12) reported that a short duration of exercise
and exercise-induced ventricular arrhythmias were predic-
tive of an increased cardiac mortality during the first year
after myocardial infarction, but that ST segment depression
was not. More than 50% of the patients in their study had
congestive heart failure before the predischarge exercise
test. An exercise duration of less than 6 minutes was also
highly correlated with the presence of left ventricular dys-
function, and the investigators concluded that the lack of
correlation between ST depression and subsequent mortality
was probably due to the presence of advanced left ventricular
dysfunction in many of their patients.
*From Theroux et al. (9) with permission.
Exercise Testing in Presumably
Healthy Subjects
We previously reported (3,4) that neither simple nor com-
plex exercise-induced ventricular arrhythmias are predictive
of subsequent cardiac events in presumably healthy men.
Froe1icher et al. (13) reported that such arrhythmias had no
predictive value for subsequent cardiac events during a 6
year follow-up study of 1,390 asymptomatic men.
A recently completed study from our laboratory (14) re-
vealed that abnormal ST segment depression during exercise
in presumably healthy men is predictive of angina as an
initial cardiac event, but not of myocardial infarction or
sudden death. During a mean 8 year follow-up of 61 men,
20 developed symptomatic coronary artery disease. The ini-
tial cardiac event was angina in 18, myocardial infarction
in 1 and sudden death in 1 (Table 2). During the same time
period, there were 44 new cardiac events in 833 subjects
who had no abnormal ST depression during serial exercise
Exercise-Induced
Abnormal ST Depression Ventricular Arrhythmias
~erent Abrent ~erent A~ern
(no. = 64) (no. = 146) (no. = 47) (no. = 163)
Sudden death (no.) 10 (15.7%) I (0.7%) 5 (10.6%) 6 (3.7%)
Risk ratio 22.4 2.9
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